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Keratohyalin granules of frozen n ewborn r a t epider-
mis w er e s tained histologically and immunohistochemi-
cally and studied by light and electron microscopy. They 
showed a variety of r eactivity to eosin, h ematoxylin, 
ura nyl a ce ta te and rabbit mono specific antikeratin IgG. 
We found that good preservation of ultrastructure can 
be obtained from quickly frozen skin, and filamentous 
components r emain after extraction of tissue substances 
by 0.14 M NaCI in 0.1 M-Tris-HCI buffer, pH 8.0. Further-
more, filaments in k eratohyalin granules became im-
munologically reactive with rabbit anti-keratin IgG after 
extraction. Pos t stain with uranyl acetate further facili-
tated ultrastructural demonstration of filaments in the 
granules. These results indicate that filaments are one 
of the constituents of keratohyalin granules and the 
s taining property changes occur in tonofilaments as they 
associate with other components to form k er a tohyalin 
granules. 
Keratohyalin granules (KG) represent a distinct morpholog-
ical mal·ker for granular cells. The classical documentation by 
Brody [1] , Swan beck and Thyresson [2] and Odland and R eed 
[3] describes K G as being formed by accumulation and spread-
ing-o ut of " keratohyalin material" along the fibrils. H owever , 
KG usually are densely stained with osmium, uranyl aceta te 
and/or lead citrate; thus, observation of their internal structure 
becomes essentially impossible. Recently, several techniques 
have been described to reduce the amoun t of densely stained 
materia l from K G. We employed NaOH on glu taraldehyde-
fixed newborn rat skin [4] whereas T ezuka and Freedberg (5] 
used sodium deoxycholate on fresh newborn rat skin and T e-
zuka and Hirai [6], T ris-HCl buffer on frozen and thawed 
newborn rat skin. The internal structures became visible and 
they a ppeared to be fine, winding filaments bu t electron mi-
croscopy alone did not fm ther characterize the component (s) 
in K G. 
In this study we report observations made in K G by light 
and electron microscopy and immunohis tochemistry after use 
of 0.14 M NaCI in 0.1 M Tris-HCl buffer, pH 8.0. The solution 
was used by S metana, Steele, and Busch [7] for extraction of 
r ibonuclear protein. 
MATE RIALS AND METHODS 
A nimals 
S kin from the back of 2-day-old rats (Sprague-Dawley strain) was 
used. 
T BS Extraction 
T he skin was quickly frozen in liquid ni t rogen and 5 ,urn-thick sections 
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cut with a cryostat. The sections were mounted on microscope slides 
coated with 0.5% gelatin solu t ion and washed in 2 cha nges of 0.14 M 
NaCl in 0.02 M phosphate buffer (PBS), pH 7.4, at 4°C for a total of 20 
min. T he sections were incubated in 0.1 M Tris-HCI buffer, pH 8.0, 
con taining 0.14 M NaCI a nd 10 ,ug/m1 phenylmethy lsulfonyl flu oride 
(TBS) at 37°C for 3 or 12 hr. The slides were then washed in PBS at 
4°C for 10 min (2 changes) and fixed in freshly prepar ed 2% (wt/ vol) 
paraformaldehyde in 0.025 M phosphate buffe r , pH 7.2. They were 
washed again in distilled water a nd (1) stained with Mayer's hematox-
ylin and eosin; (2) prepar ed for electron microscopy; or (3) stained with 
IgG purified b·om rabbit monospecific ant iserum to epidermal keratin 
extracted from newborn rat cornified cells. 
E lectron Micl'Oscopy 
T he TBS-treated and non treated t issue sections on the slides were 
postfixed wi th 2% osmium tetroxide in 0.025 M phosphate buffer, pH 
7. 2, for 30 min. They were dehydrated in alcohol and embedded in a 
mixture of E pon and araldi te. Before the t issue was placed in a 70°C 
oven, a plastic rod (0.5 X 0.5 X 2 cm) was placed on the t issue section 
and allowed to polymerize. T wo days later the sections were removed 
from the microscope slide by heating the plastic on a hot plate and 
pulling the plastic rod. Sections were cut at 500 and 50 nm. The thick 
sections were stained wi th 1% to luidine blue a nd examined under a 
Zeiss ligh t microscope whereas the thin sections were stained with 
uranyl acetate and lead citrate and examined by a Siemens E lmiskop 
l A o 
Immunohistochem istlY 
(a) Immunoglobu.lins: R abbi ts were immunized by injection of new-
born rat epidermal kera tin (MW 66,000 and 60,000) extracted in 0.02 
M Tris-H CI buffe red 8 M urea, pH 9.0, containing 0.1 M 2- mercaptoeth-
anol at 37°C from mechanically separated cornified ce lls. Details of 
pw·ifica tion of the antigens a nd the immunization techniques have been 
repor ted elsewhere [8]. IgG was pw·ified from ra bbi t serum by D E-52 
cellulose ion-exchange chromatography according to the method of 
Sober and Peterson [9). The IgG was dilu ted 0.01 to 0.001 mg/ ml PBS. 
(b) Immunoflu orescence microscopy: TBS-treated a nd nontreated 
tissue sections on the slides were reacted wi th the dilu ted IgG at 22°C 
for 1 hr. They were washed in 3 cha nges of PBS for 20 min and a ir 
dried. FITC conjugated goat a nt irabbi t IgG serum (Hyland F /1' ratio 
2.8) was dilu ted to 1:10 (v/v) and overlaid on the sections. They were 
washed in PBS and examined with a Zeiss flu orescence microscope 
using a ftlter. In order to establish specificity of the immunological 
reaction, the tissue sections were reacted with (1) IgG of nonimmunized 
rabbit instead of an tikeratin IgG or (2) nonconjugated goat antirabbit 
IgG, prior to the staining with FITC conjugated goat antirabbi t IgG. 
(c) Immu.noh islochemistlY by light and electron microscopy: A goat 
was immunized by a standard technique with rabbit IgG pmified by 
DE -52 cellulose ion-exchange chromatography. IgG of the goat was 
then purified and conjugated wi th horseradish peroxidase type II 
(Sigma Chemical Co.) using 1 flu oro 2, 4-dinit robenzene by the method 
of Nakane and Kawaoi [10]. The conjugated IgG (0.01 mg/ml) was 
overlaid on sections reacted with rabbit IgG to kerat in. (The reaction 
times used for both ra bbit a nd goat IgG were a bout 3 hr. ) They were 
then washed in 3 changes of PBS for 20 min and stained wi th 3'3 
dia minobenzidine for 20 min . Some sections were dehydrated in etha nol 
and examined by ligh t microscopy; others were postfixed in osmiu m 
tetroxide for 1 hr and prepared for electron microscopy as described 
above. 
RES ULTS 
Light Microscopy 
K G of newborn rat skin were· irregularly sh aped and stained 
strongly with hematoxylin (Fig l a ). The sections extrac ted in 
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TBS showed that the hematoxylin stained material had disap-
peared from the sections (Fig Ib and Ic). The cytoplasm of 
granular' cells stained with eosin in almost the same manner as 
that of spinous cells. 
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Fluorescence Microscopy and Light Microscopic 
Inununohistochemistl}' 
175 
Monospecific antikeratin IgG stained the epidermal cells but 
FIG 1. Hematoxylin and eosin stained frozen sections (5 fl.) of newborn rat skin. Nontreated section (la) show!; keratohyalin granules densely 
stained with hematoxylin in granular cells. The stained al'ea became reduced after the section was incubated in 0.14 M NaCI in 0.1 M Tris-HCI, 
pH B.O (TBS) for 3 hr (1b). Keratohyalin granules are no longer detecta ble in the section incubated in TBS for 12 hr (1 c) because the cytoplasm 
of gra nular cells is stained with eosin. The bars indicate the location pI" gra nular layers (x 600). 
FIG 2. Immunotluorescence microscopy of newborn rat skin stained with rabbit antikeratin IgG and FITC labeled goat antirabbit IgG. 
Keratohyalin granules are not immunologically reactive and are seen as empty spaces in granular cells of nontreated section (2a). Afte r TBS 
extraction, the nonreactive area becomes reduced (2b and 2c) a nd the cytoplasm of all epidermal cells is stained evenly. Nuclei remain unstained. 
Bars indicate the location of the granular layers (x 600). 
FIG 3. Compal'able results with immunoflu orescence al'e seen in the sections stained with peroxidase labeled goaL a ntirabbit. IgG. Bars indicate 
t h e location of granular layers (x BOO). 30.: nontreated section. 3b: sections treated in TBS for 3 hI". 3c: sections treated in TBS for 12 hr. 
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not the hair fo llicle cell or the dermis. Tissue sections stained 
with IgG of normal rabbit did not show the epidermal reaction. 
The reaction was completely abolished by blocking the staining 
with nonconjugated goat antiJ'abbit IgG . When nonextracted 
t issue sections were stained KG were not reactive a nd gra nular 
ce lls showed unstained sites of various sizes (Fig 2a and 3ct). 
The nonreactive sites were reduced cons iderably after the sec-
tions were extracted in TBS (Fig 2b, 2c, 3b and 3c ). The 
reduction was proport iona l to the disappearance of hematoxylin 
sta ined KG a nd after 12 hr extraction the entire cytoplasm of 
Vol. 74, No.3 
the majority of gra nular cells was decorated with antikeratin 
IgG. Nuclei remained negative. 
Electron Microscopy 
KG in tissue blocks processed from [Tozen sections without 
TBS extraction were densely stained. KG showed the same 
homogenous appearance as seen in skin tissues fix ed without 
freezing (Fig 4a) but some exhibited numerous unstained a nd 
spherical areas (Fig 4b) . When the unstained areas were ob-
served at the edge of KG, they resembled dense homogenous 
F IC 4. Ultrastru cture of newborn rat skin granulaJ' ce LIs prepared from frozen sections. Keratohyalin granules, ribosomes, desmosomes, 
tonofibrils and mitochondria are seen. Keratohyalin granules show unstained area corresponding with the dense homogenous deposits (t) in <la 
(x 7500); 46 (x 34,500) ; and 4c (x27,000). Membrane coating granule- like bodies Ware also seen in 4d (x 52,500) and 4e (x 52,500). Microtubules 
(t) in 4e and mitochondria in 4( are also demonstrated. 
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d e posits (DHD) found in newborn rat skin fixed only in glutar-
alde hyde [11]. Bundles of tonofibrils attached to the edge of 
K G a nd inse rt ion of the fibers into KG seemed to OCCU1' but 
w as not conclusive. Clusters of ribosomes surrounded KG (Fig 
4 b a nd 4c) and other cytoplasmic organelles such as mitochon-
dria, membrane coating granules like pruticles, micro tubules, 
e t c ., were identifiable and desmosomes seemed to be intact (Fig 
4c, 4e and 4f) . However , chromatin in the nuclei was obscure. 
S pecimens from frozen sections treated with TBS for 12 hl' 
d e monstra ted the ultrastructure of KG to be distinctly different 
from that seen in nonextracted tissue. KG appea red as an 
unstained and empty ar ea of the granular cells (Fig 5a and 5c). 
A fin e, fibrous-like structure was occasionally observed at the 
e d ge of KG bu t in most cases the KG remained unstained and 
s urrounded by a densely stained area which often presented the 
a ppearance of DHD. Ribosomes and mi tochondJ'ia were not 
clead y identified. Cells in the stratum corneum were filled with 
stained fil aments and enveloped wi th a thick plasma membrane 
(Fig 5b) . Removal of matrix ma terial from the cornified cells 
r e v ealed a desmosome complex between cornified cells. 
Electron Microscopy of A ntil?erahn IgG on N onextracted 
Tissue Sections 
The epidermis, but not the dennis, was stained. This was 
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best demonstrated at the dermal epidermal junction (Fig 6a) . 
Bundles of tonofibrils showed reactivity, bu t none of the other 
constituents of the half desmo omes such as anchoring flla-
ments and basal lamina were stained. Figure 66 is a photograph 
taken from the adj acent ar ea seen in FigUJ'e 6a but the section 
from tissue stained with antikerati.n IgG and goat antirab bit 
IgG was poststa ined with uranyl acetate in order to illustrate 
the existence of other tissue components. Reaction products 
wer e seen in the cytoplasm of epidel"mal and cornified cells but 
the degree of sta ining was uneven (Fig 6c and 6d) . Higher 
magnification showed that the decorated tissue components 
were fibrils. KG remained umeactive (Fig 6d). Poststain with 
uJ'anyl ace ta te revealed that K G were filled with densely stained 
material (Fig 6e). 
Electron Microscopy of A ntiheratin IgG on TB S Extracted 
Tissue Sections 
A distinct change observed in these specimens was the stain-
ing of KG with antikeratin IgG. In low-power electron micro-
grams, a large number of filaments a nd KG were evenly stained 
in the cytoplasm and showed a distinct contrast wi th unstained 
nuclei (Fig 7a). Photographs at higher magnification were an-
alyzed for the tissue componen t decorated with anti-
kera tin IgG (Fig 76). It appeared to be in termingled fibers but 
FI G 5. Ult ras tructure of newborn rat skin extracted in 0.14 M NaCI in 0.1 M T ris-HCI, pH 8.0 fo r 12 hr. Keratohyalin granules a re nol sta ined 
a nd mat rix of cornified cells ex tracted (50 X 11 ,000; 5b X 8,500; and 5c X 25,000). 
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FIG 6. Electron microscopy of frozen sections stained with rabbit antikeratin IgG and peroxidase conjugated goat antirabbit IgG. Dermal 
epidermal junction shows striking contrast by staining only epidermal cell filaments (6a x 30,000). Adjacent area was poststained with uranyl 
acetate. Other tissue components become visible (6b x 30,000). In granular cells tonotilarnents are decorated with the IgGs but not keratohyalin 
granules (6e X 30,000, 6d X 25,000). However, poststain with uranyl acetate demonstrated internal structure of keratohyalin granules (6e X 
27,000). 
the limitation of resolution prevented a fIrm conclusion. This 
problem was solved by high power magnification of poststained 
setions. Figure 7c illustrates one example, demonstrating fibrils 
in the area of KG. The dense and ill-defined immunological 
product deposited in the tissue seemed to be partially removed 
during the poststaining, thus, resolution of the fIbers was con-
siderably increased. 
DISCUSSION 
Reactivity of KG with hematoxylin, eosin, uranyl acetate and 
antikeratin IgG appeared variable depending upon tissue con-
ditions and types of staining employed (Table). Exjstence of a 
fibrous component in KG was best demonstrated when frozen 
skin sections were . extracted in TBS and then stained with 
Nakane's immunohistochemical technique using rabbit anti-
keratin IgG and goat antirabbit IgG followed by uranyl acetate 
staining. The fibers appeared to be a continuation of tonofila-
ments and were dispersed to form a mesh-work. 
The findings indicate that KG contain an antigen which 
reacts with antikeratin IgG and this reaction takes place after 
removal from the KG of a TBS soluble material. The situation 
is similar to that by von del' Mark, von del' Mark, and Gay [12] 
in detection of type II collagen in the center of cartilage. While 
the peripheral zone of cartilage showed reactivity to anti type II 
collagen, the center zone did not. However, reactivity of the 
center zone became apparent after incubation of the sections 
with hyaluronidase. They postulated that proteoglycans mask 
the antigenic sites of type II coUagen in cartilage. We do not 
know why KG do not react with antikeratin IgG unless hema-
toxylin stained material is removed from the tissue sections. 
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FIG 7. Electron microscopy of frozen sections of newborn rat skin extracted in 0.14 M NaCI in 0.1 M Tris-HCI, pH 8.0, stained with rabbit 
antikeratin IgG and peroxidase conjugated goat antirabbit IgG. Keratohyalin granules and tonoftlaments are stained (7a x 7,500). An unstained 
nucleus (N) is seen. 7b is a higher magnification (x 44,000) of 7a. Poststain with uranyl acetate demon,strates filamentous nature of the internal 
structure of keratohyalin granules (7c x 44 ,000). 
Murozuka, Fukuyama, and Epstein [13J studied the types of 
proteins soluble in TBS by sodium dodecyl sulfate polyacryl-
amide gel electrophoresis. Large numbers of proteins with 
different molecular weights ranging from 10,000 to over 200,000 
were detectable. The TBS soluble proteins may be responsible 
for "masking" antigenic sites. Another possibili ty is involve-
ment of RNA in the interaction since RNA has been shown to 
e xist in KG [14,15]' Smetana, Steele, and Busch [7J established 
the TBS technique for extraction of ribonucleoprotein, and we 
observed that ribosomes in skin sections became obscure after 
incubation in TBS. Other tissue components such as lipids and 
carbohydl·ates also should be considered because previous 
workers have identified them in KG [2,5]. 
The morphology of most KG was well preserved dw·jng the 
TBS extraction procedure. The findings contrast with ul t ra-
sb·uctme of KG in tissue repeatedly frozen and thawed, as 
observed by Tezuka and Hil"ai [6]. Formation of ice crystal, 
seemed to resul t in more tissue destruction and those a uthors 
suggested that breakdown of eitller lipid-protein or ionic bonds 
caused the structmal cha nges observed in KG. Gray et al [16] 
immunohistochemically stained a protein in tonofilaments of 
newborn rat skin. They used an antiserum directed to an 
ethylenediamine extractable leucine-rich (9.3%) protein of mo-
lecular weight about 58,000 isolated and pmified by Brysk, 
Gray, and Bernstein [17). In their preparation, KG were lost 
dming the immunological procedure a nd immunoreactivity of 
KG was not included in the study. T ezuka and Freedberg [5] 
used deoxycholate to solubilize the contents of KG. Tonofila-
ments were not extracted by the procedme, but KG became 
empty spaces. Recently, T ezuka and Hirai [6J treated frozen 
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Summary of the reactivity of filaments in Ileratohyalin g ranules with 
various staining 
Hematoxylin 
Eosin 
Rabbit anti keratin IgG 
Uranyl acetate + lead citrate 
Rabbit anti-kerat in IgG + ura-
nyl acetate 
" ([ + ] positive [- ] negative ) 
Nonextract.ed Frozen sect.ion ex tracl~d in 
frozen sec tion 0. 14 M NaClm 0.1 M Tns HCI, 
pH B.O 
+" 
+ 
+ 
+ 
+ 
+ 
a nd thawed t issue sections wi t h 50 mM Tris-HCI, pH 8.6. KG 
were observed as empty spaces whereas other structures in-
cluding ribosomes a nd mi tochondria were detectable. Extrac-
tion in TBS (0.1 M Tris-HCI con taining 0.14 M NaCl) at 37°C 
has also resul ted in KG that were unstained with uranyl acetate. 
N evertheless, existence of materia l(s) in the KG was demon-
strable because it reacted with a ntik.eratin IgG. 
U ltrastructurally, the fibers observed in KG most closely 
resembled tonofibrils. The findings coincide with those in neg-
atively stained ultrafrozen sections [18]. According to Brody's 
observation, affinity of tonofila m ents with aqueous uranyl ace-
tate ch a nges from basal cells to cornified cells [19]. N egatively 
stained fil a m ents observed in KG were d escribed by Odland 
and Carlsen [20.] during wound h ealing. In general, it is consid-
ered that filam ents are negatively stained because KG matrix 
was stained densely. However, the present findings seem to 
suggest that filaments in KG lack a ffinity to uranyl acetate 
unless t hey ar e pretreated by chemical or immunohistochemical 
processes. 
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Announcement 
The XVI In ternational Congress of D ermatology will be held in Tokyo, Japa n, May 23 to 28, 1982. The 
Congress includes a scientific program (special lectures, case presentations, advances in dermatology, 
symposia, cOUJ'ses, workshops, informal discussion groups, free communications, poster communications, 
Japa nese D ermatological Association seminars, and a scientific exhibition) and social events (performance 
of trad itional J a pa nese K a buki drama , a concert with a world-famous conductor, a short subw'ban 
sightseeing tour, a nd programs for accompanying persons). The Congress site is the Hotel N ew Otani, 
Tokyo's prestige hotel which has been the site of many international congresses. English, French, Spanish, 
German a nd Japa nese may be used in the Congress, and simultaneous interpretation will be provided 
during the mai..n educational sessions. 
The First C~cular including detailed information regarding registration, hotel accommodations and 
group travel is now available on request to: Prof. Makoto Seiji, M.D., Secretary General, The XVI 
International Congress of D ermatology, C.P.O. Box 1560, Tokyo 100-91, Japan. All interested persons are 
cordially invi ted to participate in the Congress. 
